Based on elemental analyses, slop oil which is typical petroleum waste could be represented by kerosene according to the major content of hydrocarbons containing 8-15 of carbon atoms. It was found that co-pyrolysis of mixture of kerosene and ferrocene with a certain amount of ferrocene preloaded into a quartz tube reactor could result in formation of carbon nanotubes with uniform morphology and substantial yield. Based on thermogravimetric and SEM analyses, it was found that typical sample of CNTs synthesized with a designated weight ratio of ferrocene mixed with kerosene and preloaded ferrocene of 1:1 exhibited better thermal stability and more uniform morphology with an average diameter of less than 100 nm.
Introduction
According to the discovery of carbon nanotubes . Comprehensive reviews on synthesis of CNTs via pyrolysis and relevant methods have been provided by many researching teams, for instance, Kerdnawee et al. 5) , Kumar and Ando 6) and Shah and Tali 7) . Furthermore, synthesis of some novel nanostructure materials, such as metal hybridized with CNTs or graphene/CNTs has been explored and reported. Klanwan et al. was The prime importance of this experimental investigation is set on understanding in dependence of characteristics and yield of CNTs on the weight ratio of ferrocene in a mixture of kerosene/ferrocene and preloaded ferrocene.
Experimental
Ferrocene (98% purity) was purchased from SigmaAldrich. Typical samples of slop oil and kerosene were provided by PTT (Public) Co., Ltd. For confirming whether kerosene could represent slop oil, elemental analyses on carbon, hydrogen, and nitrogen contents were conducted using a Carbon-Hydrogen-Nitrogen (CHN) analyzer (J-SCIENCE LAB Co., Ltd, JM10 Micro Corder, Japan).
Repeated syntheses of CNTs using different precursor were conducted in a quartz tube reactor of which temperature was regulated using a set of two heaters with independent controlling systems as shown in Fig . It is noteworthy that oxygen content in each sample was less than 2.80 wt%,
suggesting that oxidation of carbon cluster during pyrolysis would be possible 17) . Nevertheless, these results would confirm that typical sample of kerosene could represent slop oil with only small deviation in carbon content.
Characteristics of synthesized CNTs and dependence on ferrocene weight ratio
First, optimal supply of carrier gas (nitrogen) which could affect the residence time of precursors was examined using the nitrogen flow rate in a range of 60 to 150 mL/min.
Based on a plug flow model, the residence time of precursor within the reactor was 88, 53 and 35 min regarding to the carrier gas flow rate of 60, 100 and 150 mL/min, respectively. . As a result, the nitrogen flow rate of 100 mL/min was set as standard condition for further examination.
In order to figure out an appropriate temperature for synthesis of CNTs from slop oil, repeated experiments in a temperature range of 800-1,000 °C were conducted.
Yield of resultant products collected within the reactor at different position was summarized in Table 2 . It was found that an increase in the synthesis temperature from 800 to 900 °C could raise the synthesis yield from 34.2 (31.8 %)
to 40.2 g (37.5 %), respectively. A further increase in the synthesis temperature above 900 °C oppositely resulted in a decrease in the yield of synthesized products. However, it should be noted that the biggest portion of synthesized products could be collected from the reaction zone. With . Similarly, Fig. 3 On one hand, at a temperature lower than a certain value, heat transfer within the reactor would play an important role in complete decomposition of raw materials. With once the reactor temperature is set higher than a certain value, rate of decomposition of raw materials would be enhanced with formation of undesired products, such as CO2
or CH4 due to gas-phase reactions 20) . As a result, the yield of CNTs would be hindered due to the competition with other side reactions. Based on our previous investigations, we found that formation of carbon nanoparticles in form of CNTs could be initiated at lower temperature (800 °C).
With a further increase in temperature up to 900 °C, carbon nanospheres were preferably synthesized 13) .
Based on these consistent results, it would be reasonable to consider that the synthesis condition using a carrier gas flow rate of 100 mL/min and synthesis temperature of 900 °C would be appropriate for synthesizing
CNTs with the best yield and characteristics. As a result, effect of the ferrocene weight ratio within mixtures of kerosene/ferrocene and preloading in the reactor was further examined under this condition.
At temperature of 900 °C, the amount of synthesized CNTs was significantly affected by the amount of ferrocene mixed with kerosene and preloaded in the reactor.
Dependence of total weight and yield of synthesized CNTs on the ratio FK:FP was summarized in 
